Mg-rich staurolites are found in corundum-bearing rocks from the Iratsu epidote amphibolite body in the highest grade metamorphic area of the Sanbagawa metamorphic belt. The staurolites have high Mg/(Mg+Fe) ratios up to 0.6, and are mostly represented by a chemical formula, (Mg+Fe)3+1.5XAl18-XSi8O46, calculated as Li2O-and H2O-free. It was formed with garnet, zoisite and amphibole at the highest metamorphic conditions of the Sanbagawa metamorphism, and subsequently replaced by an aggregate consisting of chlorite, paragonite and margarite during a retrograde metamorphism represented by a pressure decrease. Although Fe-rich staurolite has been treated as a typical mineral in the intermediate-pressure metamorphic belt, Mg-rich staurolite is present in the high-pressure metamorphic belt.
Introduction
Staurolite occurs commonly in medium grade metamorphic pelites and is used as a key mineral in metamorphic zonation.
It is treated as a Fe-rich mineral as well as garnet, and its Mg/(Mg+Fe) ratio is up to 0.35. Such Fe-rich staurolite was a typical mineral in the inter mediate pressure-type metamorphism. Ward (1984) and Schreyer et al. (1984) found Mg-rich staurolite in a metatroctolite from Fiordland, New Zealand, and in a sapphirine-garnet rock from Limpopo belt, Southern Africa, respec tively. Ward (1984) used the term "Magnesium staurolite" to denote the staurolite with magne sium cations in excess of all others except aluminum and silicon.
However, terminology and endmember of staurolite have not been established yet because of its complex crystal chemistry (Holdaway et al., 1986a) . This paper reports an occurrence of Mg rich staurolite from the Iratsu epidote amphibolite body in the Sanbagawa metamor phic belt which is one of atypical high-pressure metamorphic belts (Miyashiro, 1973) .
Petrography and mineral composition
Staurolite was found in corundum-bearing rocks from the Iratsu epidote amphibolite body in the Sanbagawa metamorphic belt (Fig. 1) .
Corundum is also a rare mineral in the belt and has been found only from the body to date.
The staurolite occurs mainly around corundum in spinel granulite and corundum-bearing epidote amphibolite.
As the samples were already described by Yokoyama (1980) and Minakawa and Momoi (1982) , petrographical features around the staurolite are described (Manuscript received, May 7, 1987; accepted for publication, June 3, 1987) here. In addition to the samples mentioned above, staurolite is found as an inclusion of garnet in corundum-free epidote amphibolite from the Iratsu body.
The spinel granulite was composed of aluminous pyroxenes, plagioclase and spinel, prior to the Sanbagawa metamorphism. Most of the plagioclases were decomposed into zoisite, quartz and kyanite. Garnet and amphibole occur commonly along the grain boundaries among the mafic minerals. Corun dum occurs around spinel. The staurolite is colorless and is up to 0.2 mm in width, mostly associated with corundum ( Fig. 2A) . It is sometimes included by garnet and amphibole.
Staurolite-corundum aggregate is rarely sur rounded by kyanite (Fig. 2B ). The staurolite is partly replaced by a fine-grained aggregate consisting mainly of chlorite. Yokoyama and Mori (1975) and Yokoyama (1980) concluded that garnet, amphibole, corundum and zoisite were formed at the highest metamorphic grade of the Sanbagawa metamorphism.
Hence it is interpreted that the staurolite was also formed at the same conditions as the major minerals in the Iratsu epidote amphibolite.
Corundum-bearing epidote amphibolite, described by Minakawa and Momoi (1982) , is a boulder in the Hodono valley (Fig. 1) . It is composed of zoisite-rich and amphibole-rich layers, characteristic in the Iratsu epidote amphibolite.
Outcrop of the corundum-bear ing epidote amphibolite has not been confirmed yet. It is probable that the rock occurred as an inclusion of the Higashi-akaishi peridotite body. As epidote amphibolites with a banded Fig. 1 . Locality map of the staurolite-bearing samples. A, spinel granulite (two localities) and corundum-free epidote amphibolite (right-hand side); B, a boulder of corundum-bearing epidote amphibolite (Hodono). (Banno and Yokoyama, 1977) , it is tentatively inferred that it was derived from the Iratsu epidote amphibolite body. The specimen has a similar mineral assemblage to the secondary one of the spinet granulite mentioned above and is com posed mainly of coarse-grained garnet, amphibole, zoisite and corundum.
The latter two minerals sometimes exceed 5 cm in diame ter (Minakawa and Momoi, 1982) . The stauro lite is mostly associated with corundum ( Fig.  2C ). It occurs rarely within a corundum-free and zoisite-rich layer (Fig. 2D ). The crystal of staurolite is colorless in thin section with a width up to 0.3 mm, apparently in equilibrium with the other major minerals.
The staurolite and corundum are partly replaced by fine grained aggregates of chlorite, margarite and paragonite, whereas garnet and hornblende are rarely replaced by chlorite-zoisite and chlorite albite, respectively.
Chemical compositions of minerals
All the constituent minerals have been analysed by energy dispersive spectrometer (EDS) in National Science Museum. Acceler ating voltage and Faraday cup current are 15kV and 1.4x10-9A, respectively. Natural and synthetic materials are used as standards.
Corrections
were made by ZAF method of Statham (1979) . Precision and detection limits of the analyses with the EDS and the ZAF method are similar to those obtained by Wilkinson (1978, 1980) . Analyses of major elements are checked by the other EDS in Kyoto University and trace elements by the wavelength dispersive spectrometer (WDS) in Waseda University.
As chemical compositions of the constitu ent minerals can be referred to the original paper describing the samples, only analyses of representative staurolites and their surrounding minerals are listed in Table 1. H2O and Li20 are important constituents of the staurolite (Holdaway et al., 1986b) . Although no attempt was made to analyse the elements because of the paucity of material. 1120 contents of the staurolites will be less than 1.8 wt% as it co exists with garnet (Holdaway et al., 1986b ). Li20 will be less than 0.2 wt% as do most of the staurolites.
ZnO content is mostly within the detection limit (0.2 wt%) of the EDS. High ZnO content (1.7 wt%) is found in a Fe-rich staurolite highly replaced by chlorite, margarite and paragonite ( higher than magnesium staurolite so far report ed (Ward, 1984) . The staurolites in the spinel granulite are different in Si, Al and (Mg+Fe) contents from those in the epidote amphibolite. The former is rich in Si and Al and the latter in (Mg +Fe). Because of complexity of structural for mula and nonstoichiometric nature, staurolites without analyses of H2O and Li20 are plotted in a diagram (Fig. 4) showing correlation between Fe+Mg+Zn and Si+Ti+AI-8 (Al', octa hedral Al) on the basis of 0=46 (Griffin et al., 1982 ; Ward, 1984) . In spite of variable range of Si, Al and (Mg+Fe), all the data are plotted almost linearly in Fig. 4A . As suggested for the magnesium staurolite in New Zealand by Ward (1984) , it seems likely that slope of the line shows a substitution of 3 (Fe+Mg+Zn)= 2(Al'). Garnet has a wide compositional range especially in CaO content in the spinel granulite (Yokoyama and Mori, 1975) . However, gar nets in the epidote amphibolite and around staurolite in the spinet granulite have a small range in CaO content; 7.5-9.0 wt% in the for mer and 6-8 wt% in the latter.
In spite of the similarity of XMg of staurolite in two samples, XMg values in garnets are different. As shown in Fig. 5 presenting a relation of Mg/(Mg+Fe) ratio between garnet and staurolite directly surrounding it, garnet in the spinet granulite is more Fe-rich than coexisting staurolite, where as vice versa in the epidote amphibolite.
Epidote group minerals are usually zoisite with pistacite molecule less than 4% in both the samples. Amphibole is pargasite. Mica group minerals and chlorite, replacing aluminous minerals such as corundum, stauro lite and garnet , are not properly analysed due to their fine-grained or aggregate nature.
Albite, replacing amphibole , is usually pure albite with anorthite content less than 1%. It does not occur around corundum and staurolite.
Discussion
Although metamorphic minerals in the Sanbagawa belt have been studied in detail, staurolite has not been found in the belt (Banno, 1964; Higashino, 1975 and others) . In both the corundum-bearing rocks described above, staurolites were equilibrated with zoisite, gar net and amphibole which were formed at the highest metamorphic conditions of the Sanba gawa metamorphism.
The local occurrence mostly around corundum suggests that the lack of natural staurolite was due to the absence of very aluminous bulk compositions in the Sanba gawa metamorphic belt, as suggested for the other Mg-rich staurolites by Schreyer et al. (1984) and Ward (1984) . (Fig. 4) and is shown graphically in Fig. 4B . In the staurolites except those in the spinel granulite, tetrahedral Al is negligible, resulting that the line for those staurolites (Fig. 4A ) is represented by a tentative formula; (Mg+ Fe)2+1.5zA118-XSi8O46. On the other hand staurolites in the spinel granulite are plotted slightly away from the line, due to presence of tetrahedral Al around 0.1. Although it will be reasonable that the 2A1=3(Mg+Fe) is the most prominent substitution in the staurolite and Si(Mg+Fe)=2A1 is the subordinate one, overall structural formula for the staurolite, where Li20 and H20 are essential and important, can not be confirmed. (Fig. 5) . If Mg substi tutes octahedral Al site as suggested by Smith (1968) , discrepancy of the partitioning is en larged in two samples. Ferric ion will be a possible candidate to explain the discrepancy, but an amount of ferric ion will be negligible because coexisting phase is zoisite and presence of ferric ion disturbs the correlation in Fig. 4 . Kato and Matsubara provided critical reviews of the manuscript.
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